To report the treatment results of 19 patients who underwent excision of intradural extramedullary (IDEM) spinal tumors. by a single surgeon. There were 11 (57.9%) males and 8 (42.1%) females with an average age of 48.37+21.87 years (range, 5-79 years). The mean postoperative follow-up period was 12.87+14.88 months (range, 15 days -60 months). The histopathological findings, locations of the tumors, and clinical results were analyzed. Neurological findings were evaluated using ASIA grading system and pain was evaluated using VAS score.
Introduction
Primary spinal cord tumors accounts for 2-4% of all primary central nervous system neoplasms which includes extradural, intradural-extramedullary (IDEM), and intramedullary tumors 1 . IDEM tumors account for 40-45% of all tumors found in the spinal canal 2 when complete, no further therapy is required. Astrocytomas, by contrast, infiltrate the myelon, and therefore surgery is frequently incomplete. Intradural extramedullary tumors are mostly benign (WHO grade 1. Most common IDEM tumors are meningioma, schwannoma, or neurofibroma having similar incidence 3, 4 . Lipomas, metastases, paragangliomas, sarcomas, spinal nerve sheath myxomas, and vascular tumors are other IDEM tumors 5 .
Most of these tumors are benign and surgery may result in a cure of these conditions 2 . Many studies have shown gross total resection results in significant neurologic improvement regardless of the level of preoperative neurologic dysfunction and with minimal morbidity [6] [7] [8] . However, IDEMs like en plaque meningioma, diffuse leptomeningeal glioneuronal tumor (DLGNT) and those tumors firmly adhered to the underlying spinal roots and rootlets and those arising from the ventral cord are almost impossible to grossly resect without causing neurological damages. In such tumors, residue is deliberately left to preserve the neurological function.
Diagnostic tools like CT and MRI, and the advancement of surgical instrumentation and techniques have improved the surgical outcome in IDEM tumors. This study is conducted to evaluate the surgical outcome of 19 patients who underwent a total excision of the IDEM tumor.
Materials and methods
This is a retrospective study. Patients' records were retrieved from the electronic database of Grande International Hospital. There were 19 IDEM spinal tumors excised over a period of 6 years between January 2013 and August 2019 by a single surgeon. The histopathological findings, locations of the tumors, and clinical results were analyzed. Neurological findings were evaluated using ASIA (American Spinal Injury Association) grading system and pain was evaluated using VAS (Visual Analog Score) score. 
Results
There were 11(57.9%) males and 8(42.1%) females with an average age of 48.37 years (range, 5-79 years). The mean postoperative follow-up period was 12.87 months. All the patients were operated by performing a posterior midline skin incision, laminectomy/hemilaminectomy, durotomy and excision of tumor completely or partially, depending upon adherence of the tumor to the cord, root/rootlet or location of the tumor to the cord (anteriorly or posteriorly). The most common site of lesions on MRI in our study was dorsal in 10 (52.6%), lumbar in 5 (26.3%), lumbosacral in 2 (10.5%), dorsolumbar in 1(5.3%), and cervical in 1 (5.3%) patient. The histopathological results were as follows: 8 (42.1%) cases of meningioma, Most IDEM tumors are benign, well circumscribed and show clear demarcations to spinal cord tissue, creating a possibility of total excision of the tumor. However, IDEMs like en plaque meningioma, diffuse leptomeningeal glioneuronal tumor (DLGNT) and those tumors firmly adhered to the underlying spinal roots and rootlets and those arising from the ventral cord are almost impossible to grossly resect without causing neurological damages. In such tumors, residue is deliberately left to preserve the neurological function.
Early diagnosis and treatment, preoperative neurological status, duration of cord compression before surgery, the extent of the excision, and histopathological findings are important factors in determining the surgical outcome of these patients 12 . IDEM tumors have incidence of 3 out of 10,00,000 people and account for 40 -45% of primary spinal tumors 13 . More than 50% of these tumors are found in the thoracic spine 14 . Many articles have cited schwannoma (30%-50%) as the 4 (21.1%) cases of schwannoma, 4 (21.1%) cases of neurofibroma, 1 (5.3%) case of dermoid cyst, 1 (5.3%) case of lipoma, and 1 (5.3%) case of myxopapillary ependymoma. Meningioma was more common in females and nerve sheath tumors were more common in males. Neurologic status of 7 patients was normal and 12 had neurologic involvement with 3 patients exhibiting Cauda Equina Syndrome (CES). The preoperative ASIA grade was B in 4 cases, C in 5 cases, E in 7 cases and CES in 3 cases. At the final follow-up, 3-grades, 2-grade and 1-grade improvement in ASIA score was observed in 1 (8.33%), 6 (50%) and 1 case (8.33%) respectively. There was no change in the ASIA grade (B) in 1 case (8.33%). All 3 cases of CES achieved full neural recovery. Preoperative VAS score was 9.21+/-1.08 and improved significantly to 0.74 ±1.62 after surgery. Neurological improvement was seen in 91.67% with complete recovery in 75% of the cases and not a single case deteriorated neurologically post-surgery. A case of neurofibroma died after 3 months post-surgery due to chest infection. 
Discussion
In 1887, Dr. Horsley resected a spinal cord tumor of dorsal spine in a patient presenting with spasticity and paraplegia 11 . After surgery the patient made marked improvement and regained the ability [15] [16] [17] . In our series, mean age was 48.37, thoracic spine was the commonest location and meningiomas were the commonest type of tumor encountered followed by schwannoma and neurofibroma with equal incidence. We did not have any metastatic case to the spinal cord.
The demographics in our study are similar to those in previous studies 18, 19 . We found that schwannomas affected younger male patients while neurofibroma affects older patients, and meningiomas tend to occur in women and older patients.
Many studies of IDEM tumors reported marked improvement of pain after surgery 8, 20 . Ahn et al. revealed that the mean VAS score was reduced in all cases from 8 before surgery to 1.2 after surgery, whereas Ahsan et al. reported a reduction of the mean VAS score from 7.67 preoperatively to 1.14 postoperatively 8, 21 . Mean VAS score was reduced from 9.21 preoperative to 0.74 postoperative in our study, which is comparable to previous studies.
Neurological improvement following surgery is impressive in many studies. Konovalov 16, 27 . Because of unavailability, we have not used IONM. Intraoperative C-arm and USG are very useful to localize tumor 28, 29 , however we don't have any experience with intra-operative ultrasound.
Laminectomies done for tumor excision may cause spinal instability and deformity if facets, its capsules and intertransverse ligaments are damaged. Hemilaminectomy can be an ideal option for some IDEM tumor resection 30, 31, 22, 23 .
Most IDEM neoplasms are meningiomas or nerve sheath tumors, the latter of consisting of both schwannomas and neurobromas. Microscopic total excision while preserving and improving neurologic function is the usual goal of surgery 18, 22, 31 . Some neurosurgeons are also using intraoperative USG to localize tumor 21, 32 . The operative approach is planned based on clinical, neurologic and radiological evaluation. Approaches are based on location, size and extent of tumors and other parameters. Radiosurgery is another treatment option, especially for recurrent and residual lesions or when surgery is contraindicated. Recurrence rate for meningiomas is about 3-7% 32,33 and for nerve sheath spinal tumors was reported to be 10 to 28% 6,32,33 after 5 to 15 years respectively.
The limitation of this study was small sample size, retrospective in nature, done without the use of operating microscope or magnifying loupe and neurophysiological monitoring and loss of long term follow-up of patients. Clinical features of patients were not included in the study.
Conclusion
Most IDEM tumors tend to be histopathologically benign, and have excellent outcome when adequately treated with surgery. Although, we obtained good surgical results after tumor excision without using neuromonitoring, it is always advised to use neurophysiological monitoring, whenever and wherever available to ensure better treatment outcome.
